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Abstract 
A theoretical model based on Liao’ modified diffusion layer theory is developed including suction effect. The results 
show that the wall temperatures decrease along the condenser tube especially at lower inlet mass fluxes. The heat 
fluxes decrease along the condenser tube due to the accumulating NC gas layer. The condensate film plays as the 
dominant role for heat transfer when the NC mass fraction is small whereas the heat transfer is determined by both 
the condensate and gas film at larger inlet NC gas fractions. 
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1. Introduction 
It is well known that the presence of small amount of noncondensable gas (NC) significantly reduces 
the performance of condensation. Since Othemer initially found out this phenomenon, many other 
researchers have investigated this problem by experimental and theoretical approaches. Wu and Vierow [1] 
and Caruso and Naviglio [2] conducted experiments on stem-air condensation inside horizontal tubes. 
However, the mechanism of in-tube condensation in a horizontal tube with NC gas has not been 
understood thoroughly. 
In the present paper, a theoretical model based on Liao’ modified diffusion layer theory was developed
including suction effect. The model didn’t require wall temperatures as boundary conditions. The wall 
temperature profiles and outlet temperature of coolant could be calculated by giving flow rate and inlet 
temperature of coolant. The distribution of parameters along the condenser tube was analyzed, such as 
wall temperature, heat flux and thermal resistance etc. 
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Nomenclature 
B blowing parameter 
hc total in-tube condensation heat transfer coefficient  
hcd  gas region condensation  heat transfer coefficient 
hf  condensate film heat transfer coefficient 
hs sensible heat transfer coefficient 
kc condensation thermal conductivity 
ks thermal conductivity 
q heat flux 
Tbs steam-gas mixture bulk temperature 
Ti liquid-gas interface temperature 
2. Theoretical analysis 
2.1 Heat balance 
For the heat transfer from the bulk mixture to the interface, the total heat flux can be expressed as the 
sum of and sensible heat flux condensation heat flux: 
( ) ( ) ( )( )s s ss b i cd b i s cd b iq h T T h T T h h T T= − + − = + −
                                                                     
(1) 
The heat flux also equals to the heat transferred through the condensate film: 
( )f i wq h T T= −
                                                                                                                                      
(2) 
Using the thermal resistance theory, the total condensation heat transfer coefficient can be defined as: 
1[1 ( ) 1 ]c s cd fh h h h −= + +
                                                                                                                  
(3) 
2.2 Heat transfer through the condensate film in horizontal tubes 
Breber et al.’s [3] flow pattern map is recommended by many handbooks and design manuals. The map 
was divided by the dimensionless gas velocity jg* and the Martinelli parameter Xtt. For stratified flow 
regime, Cavallini and Zecchin’s correlation [4] is used in this paper in the form of two-phase multiplier 
approach. For stratified flow regime, the heat transferred from the liquid pool is neglected. The heat 
transfer coefficient at the top of the tube is used Jaster and Kosky’s correlation [5]. 
2.3 Heat and mass transfer in steam-gas mixture 
The sensible heat transfer coefficient can be calculated from: 
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s s inh Nu k d= ⋅
                                                                                                                                     
(4) 
In Peterson’s diffusion layer model [6], the gas region condensation heat coefficient can be calculated: 
cd c inh Sh k d= ⋅
                                                                                                                                    
(5) 
Liao [7] modified condensation thermal conductivity based on the mass quantities. 
2 3
2 1 2( ) ( )c fg t s g abk h p M M D R Tφ φ= ⋅
                                                                                           
(6) 
 2.4 Suction effect 
For heat transfer, the relation between Nusselt number with and without suction effect is given by [8]: 
(exp( ) 1)o h hNu Nu b b= ⋅ −
                                                                                                               
(7) 
For mass transfer, the relation between Sherwood number with and without suction effect is given by: 
(exp( ) 1)o m mSh Sh b b= ⋅ −
                                                                                                                
(8) 
3. Results and discussion 
3.1 Temperature profiles along the condenser tube 
It can be seen from Fig. 1.a that the temperatures for the conditions with lower air mass fraction are
relatively high owing to the higher steam partial pressure. Fig.1.b illustrates that the descent amplitudes 
from inlet to outlet at lower inlet mass fluxes are much higher than that at higher inlet mass fluxes.  
